Thousands of neurons expressing a given mouse odorant receptor project to a few glomeruli in the olfactory bulb. New observations on mice expressing small odorant receptor transgenes provide support for the idea that interdependence is involved in the maturation of this remarkable convergence.
The mammalian olfactory system allows the discrimination of many thousands of different odorants and provides information critical to a number of complex behaviors. The groundbreaking identification of odorant receptor genes by Buck and Axel [1] , a little over a decade ago, has opened the way to the unraveling of the organization of the mammalian olfactory system. Odorant receptors are G-protein-coupled receptors that bind odorants and initiate a signal transduction cascade culminating in an action potential which is transmitted directly to the olfactory bulb in the central nervous system. There are over 1,000 different odorant receptor genes, yet each neuron appears to express only one allele of a single receptor gene [2, 3] .
Spatial restrictions play a role in the coding of olfactory information. The neurons expressing a given receptor are restricted to one of four partially overlapping zones in the olfactory epithelium, and within their zone these neurons appear to be randomly distributed amongst others expressing different odorant receptor genes. In their projections to the olfactory bulb, the thousands of neurons expressing a given receptor converge. The pattern of convergence is, at first approximation, quite simple: there are roughly 1,000 glomeruli and the neurons expressing a given receptor go to one of these thousand. The actual pattern observed in the bulb appears more complicated because the thousand-glomerulus array is actually repeated four times.
The left and right olfactory bulbs are spherical structures with glomeruli arranged on the entire surface; the medial and lateral surfaces of each olfactory bulb are mirror images of each other, and the entire left and right bulbs are mirror images of each other. There is a high degree of animal-to-animal consistency in the positions of the individual glomeruli. Exactly how each olfactory neuron projects to the correct glomerulus is currently unknown, but accumulating evidence from receptor-swap experiments suggests that the odorant receptor protein itself is instructive in axon guidance of primary olfactory neurons [ The observed recruitment is reminiscent of the interdependence model proposed a couple of years ago [10] . The interdependence model stipulates that the neurons expressing a given receptor independently find their respective ways to one of a few particular spots in the olfactory bulb and begin to form a glomerulus. Interdependence comes into play in the maintenance of the glomerular structure after its establishment; a certain number of input axons are required to maintain a glomerulus into adulthood.
The impetus for proposing the interdependence model came from analyses of mice carrying an M12 odorant receptor transgene, in which the neurons expressing the transgene converged to a glomerulus distinct from the one receiving inputs from neurons expressing the endogenous M12 gene. In the newborn transgenic mice, convergence of the transgeneexpressing neurons was always observable, but strikingly, in adult animals, convergence was not always observed -so the convergence at birth was not always maintained.
In these experiments, the probability of maintaining a given glomerulus was shown to be a function of the number of neurons expressing the transgene. Animals expressing the transgene in a relatively large number of neurons -approaching the number of neurons expressing an endogenous allele -always showed convergence, whereas when a relatively small number of neurons expressed the transgene, convergence was never seen. When an intermediate number of neurons expressed the transgene, convergence was sometimes present, sometimes not. Sometimes the left and right sides of the olfactory system in a single animal were drastically different: while equal numbers of cells expressing the transgene were present on both sides of the olfactory epithelium, convergence was present only on one side of the olfactory bulb. Thus there appears to be a stochastic component to the maintenance process.
In the case of the small transgenes analyzed by Vassalli et al. [7] , the observed recruitment of the projections of neurons expressing an endogenous allele corresponding to the transgene might actually be due to the maintenance of projections of neurons that normally are present in an ectopic zone and thus project to ectopic portions of the olfactory bulb. In non-transgenic mice, these ectopic sites would not receive enough inputs to form and maintain a glomerulus, but in the transgenic mice the transgene-expressing neurons would provide the critical mass of inputs to form and maintain the ectopic glomeruli.
It will be interesting to examine older animals expressing small transgenes -especially those transgenic lines where a relatively low number of neurons express the transgene -to determine if the observed 'ectopic' glomeruli disappear over time. Vassalli et al. [7] also raise the possibility that homotypic interactions among axons expressing the same receptor might play a role in the mis-targeting of endogenous MOR23-expressing axons. Further experiments will be required to clarify the relative contributions of these mechanisms. The interactions between the axons of the primary neurons and the second order neurons in the forming glomeruli also must play a role in the establishment and maintenance of glomeruli. As the mechanisms emerge, it will be interesting to compare ways that the olfactory system uses the interactions of like neurons to help in establishing mature wiring patterns with the ways that similar interactions are used in other parts of the nervous system.
